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Togethe r with hypoxia a ndlo w n utrie rlt, lo w pH ha sbe e niderlti
4Fled as a major
pr ope rty ofs olidtu m o rtis s u e. Cells maintainintr a c ellularpH(pHi)ho m e o sta sis and
pr olife r ate u nde rthis a cidic str e ss r ega rdle ssitis c o n side r edthat w e ak alkalio r n e utral
e n vir o n m e ntalpH(pⅠ海)is es se ntial fo rthe fun ction sa ndpr olifer ation ofm a m m alia n
C ells. Altho ugh it has be e n repo rted pr e viou sly that Na
＋
/打 e x change rs, H CO3
‾
(c o)tr a n spo rte rs and 好 一 ATPases Rln Ction in mainte na n c eofpHi ho meo sta sis, the
over allm e cha nis m s u nde rliethe a cidic ad琴Pta鮎 nin m a m m alia n c ells r e m ain u n cle a r
be c ausepr e vio u s studie s alw aysfo c u s ed o nthe cyto s olalkaliniz弧io n ofc ells c ultu red
in n e utr ale n vir o n m e nts a ndthe n s ubje ctedto a rti鮎ialeyto s olacidifie ato n,but n oto n
the adaptatio n ofc ells c ultu r ed in a cidie e n vir o n m e nts. Sin c e a cidic adaptatio nis a v ery
c o mple xpr o c e ss,itis r e as o n ableto c o n siderthatbe side stho s ekn o w npHir egulato ry
m e cha nis m s
,
the r e ar e other m e cha nis m sin v olv ed. Ⅰn o rde rtoide nt轍 and in v e stigate
tho s e u nk o w n m e cha nis m s of a cidic adaptatio n, s erialtrials w e r einitiated with
Chin e s eHa m ste rOv a ry(C H O- Kl)cellsinthis study.
C H O- K Iw as ableto pr olifer ate a nd m airltain pHi ho m e o stasisin a cidic m edia with
pH v alu es a slow as6･3･ Am o ngthos eknow npHil
･
egulato ry m e cha nis m s, o nlyNa
＋
朋
＋
ex cha nger s
c o ndito n s.
n e utr al a nd
bo 血 e o sta sis
played pa rtial r ole sin m ainte n a n c e ofpHi ho m e o sta sis u nde r a cidic
A n o v ela cidiかSen Sitive mutant de sign融ed AS-5B, whichpr olifer ated in
w e ak alkalie nvir o n ments but failed to prolifer ate o r m aintain pHi
in a cidic e nvir o n ments, w as derived 点
･
o m CHO-Kl by u sing a r eplic a
str ategy. The a cidic-s e n sitivity ofAS-5 Bw a s n otdu eto the deficiencyinthekn o w n
pHi r egulato ry m e cha nis m s. A CDN Aclo n e c o nfe rring partial a cidic
-r esitance on
AS-5 B w as als ois olated- The e n c oded pr otein c o rltained o nly
･the C OOH ter min al
r egio n oflkB-β and it w asthe refo r ede sign ated C TIB(£0 0 H
■王erminalregion of
主kB一旦eta). C TIB w as de m o nstr atedto be pr es e ntin CHO-Klbut n e arly abs e nt魚o m
AS-5 B. It w a s also prov edto be a nindepe nde rlty e xpr es s ed pr otein･ In o rder to
in v e stigate the Rln Ctio n s of CTIB u nder a cidic c o ndito n s, e xpr e ssio n of CTIBw a s
sile n c ed with RN Airlte rfe r e n c ete chnique, resultinginthat c ellsfailedto pr olife r atein
a cidic e n vir o n m e nts. C TI Bsile ncing als oled to s uppr es s ed tr a n s c riptio nle v els of
N F-kBp65,p5 0s ubu nits,IL+βandMnSOD, espe cially u nde r acidic c o ndito n s･ The s e
ge n e s a r e c o n side r edto betargets of NF
-k Ba ctiv atio n･ It w asther efo r e r e as o n ableto
dedu c ethat C TIBfun ctio n edto a ctiv ateN F-kB, whichsubs equ e ntlytrig ge r ed hu ndr eds
ofitsta rgetpathw aysto r e spo ndto a cidic str e s s･
瓦馳せ軒¢戚覗C食畳o弧
A ltho ugh w e ak alkalior n eutral extr a c ellul鉦r e nvir o n m e nts are c o n side r ed to be
e ss e ntial fo rthe pr olifer atio n a nd Rln Ctio n s ofc ells, s o m e c ells ar e str es s ed in a cidic
en viron m e rltS･ Fo r exa mple, de spite a nin cr e a s ein m etabolis m s uppo rting fa st
prolifer atio n, the ov erallvas c ulatu r e ofs olidtu m o rtiss u eis po o rly o rga niz ed a nd
fun ctio n sbadly(1, 2, 3,). Thu s, irlS ufrlCie nt perRISio nle ads to 弧 a C C u m ulatio n of
m etabolic w a ste, r e s ultingin a cidic mic r o erl Vir o n m e nts s u rr o u ndingtu m o r c ells(4, 5,
6,). In fact,it w a sde m o n str ated by mie r o el ctr ode m e a s u r e m e ntthat the e xtr a c ellula r
pH(pHe)v alu e s ofv a rio u shu m a n a ndr ode nt s olidtu m o r s w er e0.5 u nits m o r e a eidic
o n a v er agetha n n o r m altiss u e, a nd e xhibi土ed a bo arde rdistributio n(7,). Together with
hypo xia 弧d lo w n utrie nt,lo wpHha sbe e nide lTtirledas a m ajo rpr ope rtyOfs olidtu m o r
●
tiss u es a nd the a cidic e xtr a c ellula r micr o e n vir o n m e nts the r efo r e cre如 a te nde n cy
to w ardcytos ola cidiflC atio n.
Intr a c ellular pH (pHi) must be kept in a n arr o w r ange n e ar n eutr alto e nsure
physiological functio n s;thus,itisimpo rta nt to maintainthe H
'
gradielltbetw ee nboth
side s ofthe plas m a m e mbr a n e when cells a r eunde r acidie stre s s. Several mecha nism s
ha v ebe e n r epo rtedto be in v olv ed in cyto s ol alkaliz atio nto date. Sodiu m pr oto n
e x cha nge rs(NH Es), which e xistin al1m a m m al c ells studied, alk aliniz e cyto s ol by
e x cha ngl ng inte r n al H
＋
fo r e xte m al Na
＋
,
ar einhibited by amilo ride an alogu e s, a nd ar e
Å∫p-depe nde nt, altho ughtheydo n ot c o n s u m e e n ergydke ctly(8,9,1 0,). H
＋
,A TPas e s
a w e also c o n sider edto be r e spo n siblefo rpHir egulatio nbythe e xtru sio n of H
'
dir e ctly
again st the c o n c entratio ngr adie nt, driv e nbythe e n ergy&o m AT Phydr olysis･ T hey a r e
inhibited by o mepr a z ole a nd s om e other c o mpo u nds(ll, 12, 13,)･ Othe r syste m s
in clude Na
＋
depe nda nt CIT= CO3
-
tr an sporter a nd Na
'
侶C O3
-
c otr a n spo rter, Which
a捉aliniz e cyto s olby m ediating HCO{ innu x c o upled with an emu x of Cr o rNa
＋
,
r e spe ctiv ely, a nd bothar einhibited by DIDS(14, 15, 16,)･ Cytos olalkaliniz atio n a鮎r
a cidific atio nindu c edby a m m o niu m chloride(NH4Cl)or nigericinw asblo cked by the
inhibito n of a ny oftho s e m e cha nis m s, pr oving that, as an e ss erltial a spect of
a cidic-r e sista n c e
,
tho s e m e cha nis m splayimpo rtarlt r Ole sinpH ire c o v e ry whe n cyto s ol
is acidified.
Ne v e rtheless, the u nder sta nd ing of the o v er alldaptatio n ofc ells under acidic str e ss
is stillpo o r, be ca use pr e viou s studie s alw aysfo c u s ed o nthe cyto s ol a批aliniz ation of
c ells c ultu redin n e utr al en vir o n m e rltS and s ubjectedto artiflCialcyto s ol a cidiflC atio n･
The adaptatio n s ofc ellspr olifer atingln a Cidie e n vir o r - e nts a re n ot w ellu nde rsto od･
Only a N H E Jeficie nt m utaJlthasbe e n r epo rtedtofailedto pr olife r atein bothn e utral
a nda cidie e n viron m ents(pHe<6.8)todate(17,). Sin c e acidic-re sita n c eis c o nside red
to be v e ry co mplex and widelyin v olv ed, s oitis re a s o n ableto belie v ethat, be side s
tho sedesc ribed above, there ar e s o m e othe r m e cha nis m sin v olv ed im pHi ho m e ostasis
andpr olifer atio n ofc ellsin acidic e n vir o n m e nts.
In o rde rtoide nti秒 a nd in v e stigatethe u nkn o w n m e cha nis m s u nderliethe adaptatio n
ofm a m m alc ells u nde r a cidic stre s s
,
s e v e r altrials w e reinitiated withC hines eHa m ster
Ov a ry(CH O-Kl)Cells, a c ultu r edc ellstr ain C o m m o nlyutilizedin gen etic study,inthis
study･ T he s etrialsin cluded in v e stigatio n o nthe pr olifer atio n andpHi hor n e o sta sis of
-
CFⅠO-KI c eusin c ubated atpH6.3, e v alu atio nofthe r ole sthatthekn ow n m e cha nis m s
playinthe m ainte n a n c e ofpHi ho m e o sta sis,is olation ofan a cidic- s ensitiv e muta ntaxld
a CD N Aclo n ethat c o mpe n s atedthe a cidic-s e nsitivityofthe m uta nt, a nd evalu atio n of
the fu n ctio n s ofthe e n c odedpr oteinin a cidie adaptation. The r e sults r eve aledthat a n
IK,a
-βCOOH termin alr egio nprotein, design ated C TⅠB, w as es s e ntial fo rthe a cidic
adaptation ofCFIO cells, a nditspr ote ctive 鮎n ctio n sw er elikelythr o1鳩hthe a ctiv弧io n
ofN F-1CBpathway.
朋 親藩e 野鼠絶息容 貌姐戚 朋密度ぬ⑬鵡s
Cells and m edia
Fo r m ainte n a n e e s ofc ell lin e s
,
e‡ヰo- K Ic ells w e regr o wnin Ha m
' F-12n utrie nt
m ediu m ofpH 7.4 s upple m e nted withlO%(v/v)fetal bo vin e se r u m, NaH C O3(14mM),
ge nta myein (ILLS/ml), a nd a mphote ricin (5pgIU/ml), in a5 % Col atm o sphe r eat
satu r ated hu midity at3 7
oC;Acidic- sen sitive m utant AS-5B isolated in this study, the
tr a n sfcta nts c ells ofAS-5 Ba nd CHO- K ltransfeeted with desir edplasmids w er egrow n
under the s a m e c o nditons exceptthatthe bu蝕r syste m was changed to lOmM
piper azine- N,N
'
-bis(2- etha n e suli
～
o nic a cid) (PIPES) witho ut a COB gas S upply. T he
m edia fo rgr o wth Che cks, pHim e asure m e nt a nd tr a n sfe ctarlt S ele ctio n we r ePIPES
buffe r ed a nd adju sted to the de sir ed pi‡v alu e swith NaO H, al払o ughtheir othe r
c o mpo sitio n sin details might be adju sted depe nding upo n the e xpe rim e ntal
r equir e m e nts･
C O S-7 c ellskindlypr o vided by Dr M . Ho s oka w a(Chiba Univ e rsity)w er egr o wnin
Dulbe c c o's M odified Eagle (DM EM) m ediu m s upple m e nted with lO %(v/v) ,fetal
bo vine se ru m, NaH C O3(26m M), ge ntar nycin(Ipg/ml), and a mphotericin(5一喝ⅠU/ml)
in a5% C ol atm o sphe r e atsatur ated humi dityat 3 7
0c･
Is olation ofa cidic- se rlSitiv e m uta nts
Fo r m utage n esi , e xpo n e ntialy gr owing CHO- KI c ells w e retr e a土ed wih4 0pg/ mi
ethylm etha n e s ulfo n ate(EMS, Sigm a)atpH7.4 at3 7
0
c for16hr, Tfollo w edby a n other2
days
'in c ubatio nin &e sh m ediu m. T he s u r vivalr ate w as appr oxim ately8 %withthe s e
treatm e nts.
T he acidic- s e n sitiv e m uta nt W asis olated bya r eplic a m ethodasdes cribedby Kuge et
al(18,). The pr oc edu r e of the s cr e e ningisdiagr a m ed in Fig･1･ Mutage niz edc ells w ere
s e eded to lOOm m dia metertissu e c ultu r edishe sto yieldappr o xim ately 150-200
c olo nie spe rdish･ A鮎rinc ubation atpH 7･4 at3 7
0cfo r4 days, c ells w e r e o v e rlai d with
o n epolye sterdis c(Pe-Cap7-17,boreq)17pm , 090rnx n, EarthCo rp･ Tokyo,Japa n)and
the dis c w as c o v er ed with alayer ofgla s sbe ads, follo w ed by 10 days
'
in cubatio n･
subs equ e ntly, the polye sterdis c w a s r e m oved, w a shed withpho sphate buffe r eds alin e
(PBS)andtr an sfe rr edto a n e wdishc o ntaining pH 6･3 a cidic m ediu m･ A n e wpolye ste r
dis c a ndgla s sbe ads w er e o v erlaidagaln O nthefo r merdisc･ Thedishe s&o m whichthe
polye ste rdiscs w e r e r e m o v ed w r e s upple m e nted with&eshpH 7･4 m ediu m a nd kept at
37
o
C a s m a sterdishe s. A洗er5days,bothup pe r andlo werpolyesterdis c s w e r e r e m o v ed
a nd w ashed withP BS. The lo w er and uppe rdis c w a s stain ed with 0.05% Co o m a s sie
Brillia nt Blu e and 0.15% Po n c e a uG, R, 2 R(acidred)in m etha n ol/w ater/a c etic a cid
(45/4 5/10, v/v/v), r e spe ctiv ely. M utartt c a ndidate spr e s erlting as c ol nie s o nthelo w e r
dis c s,but whichw er e abs e nt鉦o mthe uppe rdis c s w e r e r etrie v ed &o mthe m a sterdishe s.
Allc a ndidate s w e r e s ubjectedto a si mi larpr o c edu r e o n c e m o r ef ide nti4fic atio n a nd
pu ri鮎atio n.
Me a s u re m e ntofpHi
Me as u re m e nt o'fpHiw a sperfor meda sde s cribed(19,)with m odific atio n. Cels w e r e
grow nto c o n触e n c eon glas s c o v er slides atp,H7.4 a ndthe ntr 弧 Sfe rr edto media of
pH 7.4 o rpH6.3 at24 hrprio rtO m e a sur e m e nt OfpHi. A鮎r w a shing with Ph s, c ells
＋
attached to cov er slide s w er elo aded with a lpM pHi-s e n sitive nu o r es c e nt dye
2
'
､7
'
- bi岩(2- c arboxyethyiト5(6)- c arbo xy伽o r e s e e rkt a C etOXylm ethyleste r(B C E CF- AM,
Wake, Os aka, Japa n)at 37
O
c fo r30 min a nd w ashed wi払 鮎sh m ediu m
,
a nd w e r e
tr 弧 Sfe rr ed intothe c u v ett ofa 且u o re s c e n c e spe ctr ophoto m eter(Hita chi, MPF-4), T he
m ediafo rbothlo ading a nda ss ay w e relOmM PⅠPE S bulfe redDM E Mm ediu m witho ut
phe n olr ed and FB S, who s epH v alu e s w er e adju sted to 7.4 o r6.3. The nu o r es c e nt
inte n sity w a s r e c o rdedact450n m(pHiin s e n sitiv e)a nd 500n m(pHis e n sitiv e)e x citatio n
with 530nm emis sio n at37
0
c, a ndthe ratio of500n mto 450n m nu o r e s c e ntinte n sity
w a s u s edto c alculatethepHivalu e witha c alibr atio n c u r v e e stablishedbyaddito n of
4pg/mlnige ricin(Sigm a)to agr otlP Ofa ss ay m edia ofpHr a nging丘･o m6･Oto7･5･
To m e a s u r eth pHire c o v e ry a鮎r cyto s olic a cidiflCatio n, BC ECF- A Mloaded c ells
w e r ein c ubated in aK
'
richpr oto nlo adingbuf3er(145血M KCl, n o n additio n ofNa
＋
,
10m M PIPESbu飽r ed
,
1.8mM CaCl2,0.8m M MgSO4, 25m M glu c o s e, pH6.0, 4pg/ml
nigericin)at3 7
0c fo r5min. A鮎r w ashing withthe s a m e&esh mediu m e x c ept thepH
v alu e w a s6.0
,
c ells w er etr a n sfe rr edto a ss ay m edia(10m M PIPES bu飽r ed DM E M
m ediu m ofpH7.4 witho utphe n olr ed o rFBS)･ Im m ediately, the cha ngein nuoresc e nt
irlte n Sity at 500n m e x citatio n with 530n m emis sio n w a s re c o rded for 6min･
Subs equ e ntly, 伽 o r e sce ntinte nsity at4 50n m e x citatio n with53 0n m emis sio n w as als o
r e c o rded(10,). The n,thepHivalu e w a s c al ulated u singa c alibr atio n c u r v e e stablished
a sde s c ribedabo v e.
is olatio n ofa cidic-r e sitant tra nsfTe cta nts
AS-5B c ells w e r etr a n sfe cted witha C HO- K ICD N A libr a ry at20pgD NA/3- 5×10
5
cells/10 m m dia m eterdish u s lng a C alciu m pho sphate c o-pre cipitatio n m ethod a s
de s cribedpr e vio u sly(20,), follo w edby gr o wthin a n o n sele cting m ediu mfo r2days･
Subsequ e ntly, cellsin everydish w er edividedinto 4dishes co ntaining G 418s ele cting
m ediu m(10m M PIPES bu飽red F-12 m ediu m, pH 7.4,10 %FBS,500帽/ml G4 18), a nd
c ultu r ed at37
o
C fo r8 days･ T he n, the G418-re sista nt C olo nie s w e r etrypsiniz ed a nd
r eplated by1/10dilutio nto dishe s c o ntaining aeidie selecting m ediu m(PⅠPES buffe red
F-12m ediu m, pH6･3, 10%F BS, 100LLg/mlG418),folo w ed byc ultu ring at37
0cfo r12
daysto s ele ctc olo nie s re sista rlt tObothG418a ndpH 6.3 m ediu m.
Re-is olatio n of tr a n s免cted cI) N Aclon es 舟o m the a eidie_ re sita nt
tra m sfe ctaritS
The CD N AClo nes c o ntain ed in a cidic-r e sista nt tra n sfe cta nts w e r e r かis ol舶 d bythe
fu sio n oftT a n SAfe etarltS W姐 C O S-7c ells a sde s cribed byNaglichet al(21,).Tr a n sfe cta nt
C ells a nd C OS- 7 c ells w e replated togethe rin 6- w ellplate s of 8x10
5/w ells a nd
4×105/w els, r e spe etiv ely･ A 鮎r o n eday
,
s C ultu r e
,
the c ellm o n olaye rs w er e w ashed
withP BS 3tim e s a ndtr e atedwith 50 %of PE G1500 inlOmM H EPES bu飴r(pH7.0)at
r o o mte mpe r atu r efo r o n emin, folo w ed by w a shing withc ulture m ediu m co ntaining
10 %of D M S Oa nd 舟e sh m ediu m3tim es e a ch. ThetreatedCells w ere c ultu r ed fo r o n e
day a nd replated in lOm m dishes, the n c ultur edfo r2 days. Subs equerlty, the c ells
we r ew ashed with a w ashingbu飽r(150m M NaCl,10m M Tris- H Cl[pH 7.5])3 tim e s
a nd lys ed with alysis bu飽r(0.96% SDS, 10mM ED TA, 10m M Tris-H Cl[pH7.5]).
A鮎rin c ubatio n at4
0
c o v emig帆 thelys ate s w e re c e ntr蜘gedat14,000×g at4
0c fo r
35minto r e m o v ege n omic DNA. The s upe rn at ntc o ntaininglo w m ole c ularD NA w a s
in c tlbated with pr otein as e K at 65
oC fo r 1 hr a nd e xira cted with
phe n oトchlo r ofo r m-is o a myl孜1c ohol(25:24:1). Subs equ e ntly,the D N Aw aspr e cipitated
byethanol, resuspendedin50plofT Ebumer, aJldE.c oltw a str a n sfo r m ed withthe D N A
to co rlferka n a mycln r esistan c e.
J
DN Aseque n c e an lysis
Do uble str a nd s equ e n cl ng Ofplas mids we r eperfor m ed with a nA BI P RIS M
R 31 0
●
Ge n etic An alyz er(Applied Bio syste m s, Fo ster City, CA, USA), W ith a BigDye
R
Te rmin ator s vl.0 Cycle Sequ e n cing Kit (Applied Bio system s) a cco rding tor the
m an ufa ctu r e s
' in stru ctio n s･ Fo r s equ e n ci ng the CD N Alibr a ry clo nes,T
-3 and T-7
pri mers W er e u s ed asthe prl m e rSforplu s a nd min u s stra nds re spectively, be c a u s ethe
▼
m ulticlo nlng Site oftheir v e cto rPC M V- s cript w asbetw e e n aT
-S and a T- 7pr om ote r･
Fo r s equ e n c ingthe plas mids c o n str u cted fo rC TIBsile n c mg, prl m erSPr oved bythe
m a n ufa ctu r e w ere used･ O nly plu s str and s equ e n c lng Of the R T
-PCR produ cts
c o rre spo ndingto both CTIBa nd lkB-β w asperfo r m edto c o nfir mthe po s sibility of
pointm utatio n.
We ster nim m unoblotinga n alysis
●
Cells w er eha r v e sted, w a shed with PBS3 tim e s
,
a ndthe nlys ed witha xI T N Ebu飽r
(1% N P-40, 20m M f!JDTA,50mM Tris胡Cl[pH7.8】, 1mM Na3VO4, 10mM Nap, 1m M
PMSF, 1帽/ml apr otinirl, 0.2iLM le upeptin) o nic efo r5 min. The lys ate s w e re
c e ntrifuged銑t12,000×gfo r5minto r e m o v e C ell dbris. T he nlopsofe a chs a mple w a s
s ubje ctedto lO %or15 %SOS-PA GE, a nd im m u n oblottings with a rabbit a nti- m ous e
Ⅰ1<B-β(a-20)arltibody(Santa Cr u x) w er epe rfo m led a c c o rdingto the m an ufa cttlr eS
'
in str u ctio ns.
Ⅰs olatio n ofthe C TⅠBsile n c ingtr a nSfe cta nt
●
psile n c e r
r
r M4･ トC M V-pu ro (Ambion, TX) w a s utiliz ed to pu r cha s e stable C TIB
sile n e lngtr a nSfecta nts, a ndthein s erte n c odingthe shRNApr oduct targetingCTIBw a s
designed wih the online to ol pr o vided by the m a n ufa ctu r e
(http://w w w. arnbio n.c o m触 chlib/misc/s RNAjlnder.html). Boththe CD N As equ e n c e s
of m o u s eIKB-β a nd C TIB w er einputted a nd o nlythe te mplate c a ndidate s equ e n c e s
r e c o m m e nd dto sile n c eC rib w er e s ele cted. T heplas midc o n stru ctio n w aspe rfo r m ed
a c c o rdingtothe m a n ufa cttlr e
'
sin str u ctio n s a ndthe r e s ulting pla smid w a s c o nfir m ed by
sequ e n c ing a n alysis u s mg the prl m e rSPr ovide . T he pr edicted shR NA produ ct w a s
show ninFig.ll.
c H O-KI cells w er etr axISfe cted with the r e s ulting plasmid tat 5pg DN〟3×10
5
c ells/100m mdia m ete rdishvia c alciu mpho sphate co-pre cipitatio nm ethod,follow edby
the s ele ctio nwith2pg/mlofpu r o mycin,the minim u m c o n c e ntr ation oflOO % kilingln
4 days established in adv a n c ed, fo r10days. Se v e ntytw o ofthe a ntibiotic sresista nt
c olo nie s w e r e r etrie v ed a nds cr e e n lng Viathe We ste r nim mun oblotting analysis u si ng
the r abbitarlti- m o u s elkB-β(C-2 0)antibodyde s cri bedabo v e.
Prim e rs a nd P C R
Prim e rs utilized inthis studyis a sde s cribed intable1. Ex c ept theprl m er S utiliz edfo r
pla s midc o n str u ctio n s a ndtho s e丘o m c o rr m er cials o u rc e s,the pri m er s W er ePickedup
withtheprim erdesignto olspr ovidedo nlin e(http://w w w･ nih･go･jp/-ju n/r e s e ar chn･
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Tablel･ Prim 4! rS Ⅶtili2:ed 主n 地is 澄ttldy. Otherprim e rs utilized but witho ut e xplain able
●
pr odu ctdete cteda r e n otsho wn.
Fo r c o n str u ctio n ofPL GF-53a, 20ng ofp5-3a w as utiliz ed a sthe te mplate. Fo r
◆
s e m トqtl a ntitativ eRT-PCR a n alysis, totalRNA w a sis olated with an Aqu alPur eR NA
is olatio n kit (BIO-RAD, CA) ac c o rding to the m a n ufa ctu r es
'
.in str u ctio n. Ex c ept
pa rtic ular de s c riptio n s, the R N As a mple s w e r e s ubje cted to r e v ers etra ns c riptio n
r e a ctio n at 2帽/20pl re a ctio n miⅩtur ewith Re v eTr a- AC E㊨ re v er s etra n s criptio n
e n zym e(TO Y O B O, Tokyo, Japa n) a nd a r a ndo m RT prim e r a c c o rding to the
m a n ufactur e s
'in str u ctio n s. The r e v er s etra JIS Criptio npr odu cts w e rethe n s ubjectedtothe
desiredPCRr e a ctions at1ド.U20トLlr e a ctio nmiⅩtu r e, whichc o ntain edthede siredpr 汀n e rS
a nd w asde n atu r edat94
0
cfo r3min,follo w ed bycycle s e a chc o mpo s edof de n atu ringat
94
0
c fo rlmin, a n n e aling atdesir ed Tm te mperah m fo rlmin a nde xte n sio n at72
o
Cfo r
l min.
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Figu n 1. Scree n IJ)g PrO C edtl rt- fa cidic- s ensitiv e m tl(a nts･ M d ad c andidate s w e r e
retrieved and s ubje cted to the s am e s c re e n lng r ound againfo riderLtific atio n and
puri丘c atio n.
汲es 覗混食s
Part i, PTOliferatまon a nd pHi ho m e o stais of
C H O-K l, c ells u nder acidic stress
Proli'fe r ation of C H O-KlatpH 6.3
触re1()mM ofPⅠPFJS in ste adof NaHC O3/C OB W as utiliz edtoptlr Cha se stable a nd
adjustable p‡.Ⅰ v alu e s ofthe C ultu r e m edia a ndthepH v alu e s m ention ed inthis study
indic ate the initial ptl v alu e s ofthe m edial C H O-Kl e xhibited a n e xpo n e ntial
pr olife r atio npatte r n(Fig･2･)in the PIP FJS bu駄r ed m ediu m ofpH7.4 r egardle s s a
s o m e what slight delay w a s obse r v ed cor npa rl ng with the pr olifer atio n patter nin
●
NaH C Oユ/C OBbu飽r ed mediu m(data not sho wn), s ugge stingthatC H O- K Ipr olifer ated
a s wellinthe PⅠPES bu飽r ed m edia. Although a slgnifTIC a ntdelay wa s obs e r v ed, the
●
n u mbe r of C H O-KIc eusin c ubatedatpH.6.3in cr e as ed10folds o v e r6 days, s ugge sting
thatC H O-KIw a s ableto pr olifer atein a cidic m edia withpH v alu es a slo w as6.3. As a
s u rpris e, altho ughthepH v alu e s ofthe m ediafo r n e utr ala ndalkalic ultu r e s w e r efo u nd
●
tode cr e as e
,
thepH v altle Ofthe m ediu mfo rthepH6.3 c ultur e w asfo u ndtoin cr e as eto
6.6 a鮎r 6 days
' in c ubatio n. T his fi nding s uggested that CHO- Kl r e sited a cidic
e nviro n mentsby n ot only a n adaptatio nin side c ells, but als obyits abil辻yto produ c e
ba sic c o mpo u nds, a肋 o t唱hthe m e cba nis m s stillre m ain un cle a r,
pHi ho m e ostasis of C H O- Kl at pH6 3and e 飽cts of inhibito rs ofthe
kn o w n mechanis m s
ThepHivalu e of CHO- K Ic elsin c ubatedatpH6･3 fo r24 hr w as n e ar n eutralle v el
of 7.02. In o rderto in v estigate the r ole s of N H Es, HCO3
-
(c o)tr an spo rter s, and
H
＋
- A TPa s e splay ln maibtaining pHi ho m e o stasis u nde r a cidic str e s s, their respe ctiv e
inhibito rs N- ethyl-N-is opr opyl a milo ride (EIPA, Sigm a),
4
,
4' -di-is othio cya n ato stile n e-2,2
'
-dis ulpho nic a cid(DID S, W Ako, Os aka, Japan) and
bafilo rnycin(Sigm a)w er e appliedto C HO- K Ic ells whichhad be e ninc ubatedatpH6･3
fo r24hr a ndthe cha nge sin pHiwereinv e stigated･ Onlyin c ubatio n ofc ells with25pM
ofEIP Afo r30 min de cr e as edthepHivalu eto6.6(Fig･3.)･ The s e r e s ults s ugge stedthat
10
Nf-ⅠE
.i participatedpartiallyinthe m ainte n a n c e ofpHi ho m e o stais of C H O-Kl u nde r
acidic stre s s, whe r e asHCO{(co)tr a n spo rte rs a nd 貯 - ATPas e sdidn ot s e e mto b･e
inv olv ed inpHi ho m e o sta sisbe c a u s ethe r e w a s n o slgni
･fie a‡洗de c re as einthepHiv alu e s
●
ofc elsin c ubatedatp‡t･I6･3 withDl
'
D So rba別o myein e v enfo r24hr(data n otsho w n),
ll
107
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Figtl 和之･ Pr ol呈fe mtio n of C H O- K lat pH 7.4(Ej) a nd pH6.3(臥). Six w ellplate s
c o ntaining a n equ alnlユmber ofc ells w er ein c ubatedin m edia ofindic atedpH v alu e s at
37
''
c, a Jld c ells w e r edisper s ed withtrypsln a nd c o u nted u si ng a Co ulter m odel ZB l
●
c o u rlte r e v ery 24hr. (1 of3 indepe nde nt e xperim e nts with simila r r e s ults was
prese nted)
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7.4
7.i
Q}
ヨ
y ～
亡d
.望6.8
㍍
P→
6.5
6.2
n o ne
C H
-
0- K1
EⅠP A25pM DⅠD S300pM bafl o mycin200nM
F孟gtlr e3, 温蝕 軸 ofinhibito rs ofthekn o w npHi陀gtlatory m c cha nis m s o nthepH i
of C H O-Kl in c 邪心 ated 如pH6･3･ Cells w er ein c ubated withinhibito rs atpH6･3 at37
oC
fo r30 min a ndthepHiv alu e s w er e m e as u r ed(n≧5). Theinhibito rs we r e addedtoboth
BC E CF- AM lo ading a nda s s ay m edia at theindic atedflnalco n centr atio n s. To e stim ate
the eife et ofDIDS,the m ediu m w er e s upple m e nted with24m M ofNaH CO3.
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Sum m ary丑
C H O 収Iw as ableto pr olifer ate a nd m aintain pⅠ
▲寸iho m e o stasisin a cidic m edia with
pH valu e a slo w as6･3･ A m o ngt
■he know n plliregulato ry rn e cha nisr ns, o nly N= Es
playedpa rtialr ole sin m ainte n a n c e ofp‡
-Ii ho rrle O Stais of C H O-Kl under a cidic str e s s.
T he refo r e,in o rdertoin v e st廟te 伽 ove r a11m e cha nis m s u nderlie acidic adaptatio n,it
w aspr a etie able a ndn e c e ss arytoderive a n a cidic- s e n sitiv e m uta nt, which wa sde sir edto
be able to pr olifekr ate in ne utr ale n vir o rl m e ntS btltfailto pr olife rate atpⅠ弧3, 鮎 m
CIl寸0- Kl.
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Part2, Ⅰs olatio n of a n ove且 acidic-sen sitiv e muta nt
A S-5 迅a nd 蝕epropertie s of A S-5 B
Ⅰs olation of A S-5■B
Unde rthe r eplic apr o c edu r ede s cribedin
uMaterials a nd Methods竹, appr o xim ately
4軌000 e olo 迅ies of E M Sm ut聯 niz ed C H O-K lC ells distributed o n200replic a s w e re
s clre e n ed･ On e C ol ny w asfo u ndtobepr es e nto rlthefir stpolye ste rdis creplic a obtain ed
atp主犯4,but w a s abs e ntfro mthe s e c o ndr eplic a obtain ed atpH6.3(Fig.4.). Whe nthis
c olo ny w a s s ubje ctedto a n othe r r eplic a r o u nd fo ride ntirlCatio n a ndpu riTIC atio n, o nly
fe w C ol nie s w e r edte ctedo nthe r eplic a obtain ed atpH6.3(data n ot sho w n). On e of
the Colo nie sptlri 鮎d inthe s e c o ndr eplic a r o u nd w as retriev eda nd desigrlated AS-5B.
Pmまife r舶量o n 鼻 Of C 拐0- 削 漁ndAS･慧B 如 v 執血 u spH
Du ring6 days
'in e ubation, the n u mber of C H O- Klin c r e a s ed slightlye v e n atpH610･
AtpをⅠ6･3,the n u mberofCHO-Klin cr e as edappr o xim ately3,7a nd lO･fold in2,4 and
6 days, re spectiv ely. Whe ninc ubated琵tPHr a ngl ng
･&o m6.8to8.5
,
CHO- Kle xhibited
◆
a n e xpo n e ntialpr olifer atio n ata similargr o wぬr ate,(Fig.5.leR).
Me a n whi転 AS-5B c o mpletely fTailed to pr olifer ate at pH6.0 a nd 6.3. The
pr olifTe r atio n ofAS-5 Bw a s obs e r v ed atpH6風 but w as stillat alo wle v elc ompar ed
with C H O-K l. T he c elln u mber a鮎r3days
'in c ubatio nin cr e a s edclose to C HO･Klat
pH7.4 a nd 8.5, altho ughgr o wthr ate s w er eso m e whatslow er(Fig.5. right). Thes e results
sugge stedthatAS-5 Bw asableto proliferatein n e utrala nd w e ak alkalie nviron m e nts,
but failed to pr olifer ate in w eak acidic envir o n me nts ofpH6.3, where as C HO- K I
pr olifer atedatpHr arlg ng&o m6.3to8.5.
pH iofCH O-K la nd A S-5 Bc ellsin c ubated aipH 6･3
The pHiv alu e of C H O- K lin c ubated atpH7.4 w a sdetermin edto be 7･3 1･ Whe n
in c ubated a土pH 6.3, the pHiv alu ede c r e as edslightly, but w a s m ahtained at a n e utr al･
levelof7.06;the cha ngein pHiw a sindepe nde nt to thein c ubatio ntim e･ In c o rlt a St,
whe nAS-5 Bc ells whose pHiv alu e w as7.14atpH7.4 w er etr an sferr ed htothepH 6 3
m ediu m,itde cr e a s ed dr astic allyin atim e- depe nde nt m a n n er,being6.81,6161 a nd6･12
a鮎rin ctlbatingfo r5min, 30 min and24hr r espe ctiv ely,indic atingthat A S-5 B failedto
m aintainpHiho m e o stasis u nde r a cidic str e s s･(Fig･6･)
15
野田畳re c ◎v e r孟 s o陀 坦0 -弧丑魚ndA S･S 勝汲鮎 r 柳 o 細見汲Cid孟加温伽 n
To e o nflr m the e x'iste n c eof fu n ctio n al NI.敬 , HC O3
'
(c o)tr a n sporters, a nd
好 一 AT Pas e s, thepip-‡ire c o v e rie s of C H O-Kla ndAS･5 Ba鮎r cyto s olacidi･fTI Cation we re
r e c o rded･ A S-5B sho w ed silTlila rp古Ⅰir e c o v el
･
y Patte r n stO tho s e ofits pa re nt str ain
(Fig･7･
-
)I No n additior”fNa
ヰ
,the addit'' n oダ25pM of EⅠPAa ndlOpM ofD IDS blo cked
thepⅠ,､まirec overie s, s ugge stingthatNをⅠⅠ三釣 a ndHC O{(c o)tr a n spo rte rs鮎1Ction ed inboth
Cをま0- Kl a nd AS-5 B･ T he addito n of b盈filo myein sho w ed lirnited 臆cts, sugge sting
that 触 p壬
.･Ⅰir e c o v e ri s oF both CをⅠO-K la nd AS-5 Bw er eH
ヰ
- ATPa s かindeperld叫
altho ughthepr e s e n e -柑
車lト
- A
r
FP汲S e S W a s n ot e O戚r m ed inthis e xperim e rlt.
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FigtlrC 4･ ReplicJLS fr o m which AS-5 B w itside ntiGed･ LeR pa n el w asthe r eplic a
obtaineda暮pfI7.4 皿dstain ed wi thCo o m as sieBrillia ntBlu e, rightp anelw asthe r甲1ic a
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Fi卵 re 5･ Pr olife r如主軸 $ Of C H O- 拡1 灘nd AS-5 B in m edia of v 汲rio uspH v &1tlC S. CBlls w er e
in c ubated in media withpH v aluesof 6.0(㊨),6.3(料),6.8(A),7.4(ロ), a nd 8.5(◇). The n u mber of
C ells w a s c o urtted a sdescribed in Fig.1. (1 of 3 independe nt experim erltS with si mi 1ar res ults
pr es e舶d)
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F量gt1 柁 6. E 蝕ctofin c ub汲tio n如 pH6.3 o npH iof CHO-K la nd AS- 5 B･ Cels w er e
in c ubateda宝pH6･3 at37
Oc fo rthetim eindic a土eda ndthepHiv alu e s w ere m e as u r eda s
de s c ribed in ”Mate rials a nd Methods”(n≧5).
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Figu r e7. pH ir e c o v e Fi s ofCHO - 鑑1 a nd A S-5B a鮎 r cytos ol a cidirlC atio n･ pH i
re c o v e rie s of CHO-Kl a nd AS-5B w er e m o nito red and the role s of N H Es, HCO3
‾
(c o)tr a n spo rte rs a nd H
＋
- AT Pa s ein the r e c o v erie s w erevaluated asdescribed in
" M aterials a nd Methods
”
. Be side sEIP A
,
a m ediu m witho ut Na
'
addito nin which
290m M ofs o rbitolw as addedin ste ad ofNa
'
w as u s edtoinhibitNHEs. To e v aluatethe
eire cts of H C O3
”
a nd DIDS o nthepHire c o v e rie s, the m ediu m w a s supplem e nted with
2 4mM of NaHCO3.(1ofatleast3 e xpe rim e nts withsimilar r e s ultspr es e nted)
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Su m m aTy2
A S-5Ⅰ;きw a s ab王eto pr olif態ratein rle tltr al a nd w e ak alkalienvir o n m e nts but 鮎Ied to
pr olife r ate a nd rllaintain p圭
Iヰi ho m e o sta sisin w e ak a cidie envir o n m e nts(pH6.3). The
a cidic 域 f-Sitivity (1)f AS-5 B w a s n ()I du e to the de
･
rleie n cy in NHEs, H C O{
(eo)tr a n spt)Tt捻rS,()F好 一A
r
l?ag e s.
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PaTも3, ‡s o畳at豆o n of蝕e CDN Aclo n ethat co nferred
acid量c resista n c e o nAS-5 B
elo n ly哨 Ofih腔 CDN Ack) n 聴 C O n触 nng 批i通iか r eS蜘 紬 C C O nAS･5漁
* *
Tois olatethe 酢n e Sthatableto 梯 n施r acidiかr eSista n e 培 O nAS-5B,it w astr an sfected
with a(:Ⅰ1.I(:
r
)- Kl ef∋NAlibraryto c reate acidic-r e sita nttr a n sfe cta nts;thr e etr a nsfe et弧t
e olo nまe s w e reis olated via selectio nfo rboth G418re sista n c e a nd c olo ny form atio n
e ap盈bility atp 馳 3 鮎m 5×IO
6
AS-5 Be 培IIstr a n sfe cted with 300鵬 OfeDNA library
pla s mids･ Be catlS ethe eD NAlibrary V e cto rPC MV-s c ript c o ntain s a nsimia n vir u s叫0
(SV+4() 即圭g重ri Ofr eplic atio n whichallo w s a mpliflC atio n ofthepla smi d D N Asequ e n c e
inla rge
rLfa ntig 鰍 pr Odu cin富e ells, su cha sC O Sc ells(21,),thetr a n sfe cta nts w er e鮎s ed
with C OS-7 c e晩 a nd ぬ紺 lo w m olec ularD NA 鮎ctio n s c o ntaining the a rnpli鮎d
plas mids w e re e Xtr a C紐d 触 m the 鮎s ed cells a nd u s edtotr a n sfo r mE. c oli. Am o ngthe
pu ri鮎dplasmidClone sis olated 鮎m theka n a mycin-re sita ntE. c olttr a n s払r m a nts, o n e
pia s midclo n e c o nfe rr ed a cidic-re sitaxle e O nA S-5B whe nit w astra n sfe ctedto AS-5B
aga in. Re stricted e n zym e a n alysis a nd DNA s equ e n cing r e v e aledthatit w as鉦o mthe
●
CD NAlibra ry, T his eD N Aclo n e w asdesign atedp5･3a, a ndthetr an sfe cta Jlt Str ain, 愈o m
whichp5-3a w asi olated, w asde sign atedn oふ3.
P mpe rtie鳥 Ofe el臨tr 汲n Sfe ciedwithp5-3a atpH6･3
A S-5B w astr a n sfe cted withp5-3a 弧dpCMV･sc ript, respe ctiv ely, a nd allc olo nie s
r e sista rlttO G418w er e r eti v ed in o rderto precludethe po ssible effe cts ofa c cide ntal
fa cto rs. T he tr a n sfe cta nts ofp5-3a a nd PC MV-s c ript were de signated R AR-53a a nd
ÅS-5 B- v e cto r
,
r e spe ctiv ely.
Altho ughslo w ertha nCHO- K l, bothn ot 5
-3 a nd R AR-53aprolife r ated signific a rltly
atpH6･3, a ndthegr o wthr ate s oftho s etr a n sfe ctaJltS atPH6･8 w er every closetotho s e
in n e utrala ndalkalim edia(Fig.8. le丑 uppe r and botto m). Whe nin cubatedatpH6･3,the
pHiv alu e of RA R
-53ade cr e asedto6.62 in24hr(Fig･9･ left),but w as stillsignifl C a ntly
highertha ntho s e ofthe AS
-5B a nd A S-5 B- v e cto r, which w e re6･12 and 6･32,
r e spe ctiv ely. Thepr olifer atio n a ndpHiofAS
-5 B- v e ctor(Fig･8･ rightbotto m andFig･9･
right)w er e simila rto AS-5 B(Fig･5･ rigb壬, Fig･6･ right), s ugge stingthat thepr o cedu r es
oftr an sfe ction a ndG 4 18s ele ctio nhadn oe飽cton a cidic-re sitan c e.
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N敬C葺紺☆畳d監 絶唱u e 氾濫e O官 伽 c抄N A ぬn ein p5-3執
f
rhe nuele ot地 鳥equ e n ee ot
t
the eD N AClo n ein p5-3a a ndthe predicted amin o a cid
s eqti e n C e Ofits e n e()ding pr otein are s.he w nin
'
Fig･lot The CD NA clo n e w as n u m e r ated
fr o mthe A
'
‡､
1
(′きe odo nthati
'
y
lls ope n r e adi喝 鮎 m e a s w ellasits n軸hbo rsfitko z ak. Data
ba s e s e a rchr e v ealedthat this cⅠ)NA clo n e shar ed 93 % hom ologu e a n alogy withthe
sequ e n e e鮎 m 606to 1168ofa m o u s eⅠ忙B-βCDNA clon e. T he e n c odedprotein w as
pr edi鵬 di()ha v e13Sarnino a cidre sidtle S Witha C alc ulated m ole c ular w eightof14,608
a nd w a sde s如a土ed (ヨ
y■
f
､
IB(£0 0 H3:erI血 alregio r1 0f王KB一触ta).
FJXpF 鰯 如)n of だT薫製
Firstly､ the i(･)tat R NA s a mple sis olated 鮎m AS-5 B, RAR-53a and CHO-KI w e r e
subjectedt() s e m 卜qu a ntitativ eRT-PCR u si ngpri m e rs C O舶iningthe sequen c esbetw e e n
tlle Sta rt 弧dst叩 C Odo n s oftheCribge n e油 e RT-PC Rpr odu cts, whichc o rr e spo nded
to bothlKB-β a nd (汀王臥 w e red如 cted in alls a mple s, altho ugh AS-5 Bw as at alo w
le v elwher e 舶RA臥53盈 a nd C圭一壬0-K l, e spe cially R AR-53ain c tlbatedatpH6･3, w e re at
ahigh lev郎F呈g書11･ A)I Nodifre e n e eintheDN As equ e n c ebetw e e nthelo w e rba nds of
AS-5B and ef,iO-K Iw a sfo u nd･ Ⅰt w asdi･WIC ult to applythe upperba nds to DNA
s equ e n c e a n alysisdu etotheirlimitedam o unt, e speciallyin A S･5B;thu s,the r e as o nfo r
the appe a r a n c e ofthe upperba nds re m ain edu n cle ar.
Se e o ndly, the totalproteihs a mple sis ol在ted 鮎m AS-5B, R AR-53a a nd CH O- K I
w e r esubjectedto We ster nim m u n obloting u sing a r abbit a nti- m o u s eld3-β a ntibody
(a-20), who s e a ntige nis the CO OH termin al ofthe m o u s elkB-β which hashigh
ho m olog ywith C TIB. Tw o s epar ated ba nds w er efo u ndtobein r espo n s etothe a ntibody.
On e w as n e ar54KDa a nd w a s c o n sider edto be ha m sterfullle ngthlkB-β a nd no
di 飽re n e e w asfo u nd a m o ng AS-5 B, R AR-53a a nd C HO- K l. T he other w a s n e a r
20KDa a ndsho w ed a signific a ntdi飽re n c e a m o ng the c elllin es;A S-5 Bw as at a v e ry
slightbtltdetectablele vel, RA R-53a and CHO-KI w e r e athigh lev el. This band w as
c o n side r edas c o rr e spo ndingto CTIB(Fig.11. B).
Fin ally, the pQB トfN3v e cto r(Wako chemic als, V A), whichhas agree n凸u o r es c erlt
pr otein ge n ewitho ut a nA TG start c odo n s othat e xpr esses gr e en fluor e s c entpr otein
only whe nitisRIS edtothe3
'
-te r min alof an e xpr e s slng ge ne, Wa susedto e x amin ethe
expr e s sion ofCTIB･ The C TIBge n e w a sin s e rted upstre am ofthe GF Pgene andthe
r e s ulting plasmidclo n e w a sde sign atedpLGF
153a･ PLGF-53a, pQB トfN3 a ndapo sitiv e
c o ntr ol, pDsRed2- N l(B D bio s cie n c es clo nte ch, Tokyo, Japan) e n c oding a red
nu ore sc e nt pr otein w er etr a n sfe cted to A S-5 B, r e spe ctiv ely･ The tr ansfe ctio n of
PL G F-53a r es ultedinthe e xpr essio n ofgr e e n伽 o re s c e ntpr otein,but thetr ansfe ctio n of
23
pQBト別3 dida()t･
yJI
､
he e ells 触 nsfe eted withpDsRed2-Nl e xpr es s ed red nu o r e s c e rlt
pr otぬ 毛富もsiⅠn払rpere鮒 喝etOthos etr a n sfe eted withpL GF･53a, s uggestingthat the r e
w a s n() s如i触 nt di甑陀n e ein tra n sfe etio n e蝕ie n Gy a mo ng the s a mple s(Fig.ll.
(二
■
)Jl
; t
he se re s ults str o ngly s uppo rtedtheide athatthe CTIBwa s a n e xpre s s edprotein,
a ndthat theba王1dn e ar2 0KDa w as n otthedegr adedpr odu ctofIKB-β.
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Fi卯 柁 臥 Pr olife r atio 耶 Ofn o･ 5-3) 札ÅR- 53a a nd A S･5 B-v e cto rin m edia ofv a riotIS
pH v 血 cs･ Details w er e as de s cribed inFig･2･ The pH v alu e s of m edia u s ed w er e
6.0(㊨), 6.3(艶), 6.8(△), 7 A(ロ), and 8.5(◇). (1 of3 indepe nde nt e xpe rim e nts with
simila r r e stltspr es erlted)
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7,6
Q3 7.1
ヨ
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贈
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払
軌6
6.1
RA R-53a A S-5 B- v ector
n o n 培5min30min 24hr n o ne5min 30min 24hr
Fig敬re9･ E 馳c‡ of 主n c ub汲鮎 払 at PH 6･3 o m pH iof RAR-5 B a nd A S-5 B- v e cto r.
Details a re a sde s c ribed inFigure6.((蛇5)
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723
… =L” 棚 蜘 e 棚 弧 伽 抑 加 ㈱ 』 現数静ACC¢蹴QTCCGCCCAA6CCAQA8^TC6AA6A舶ATCCQC TIB
* y ＋ * * Q
鶴T 鮎TQ納 眺 柑 鵬 配汀ACA 艦T鳩AA 離TQAAAAGTAT 触T¢舵CATACCCC^GT¢飴T6TABm TCATCCACAAAQATGCAQA6 l氏 B･[ゴ
柏T6AT 臥蝿ACT8QAAQCT u 臓 r戚Å^ QeT8AAAAGTAT8細68CG^C eC6GÅCTCCAT 馴 8GTGTG^TCCACAAAQA6CAQAQ TIB
* * . ＋
^rQ8TCCQ6eT戚TC 機 QA一蹴CGQ 艦 T馳CCTCAATA^ACCQQA 脳 汀ÅCGT 馴Q OG8QACCC¢TGT6CACCT6GCAQTAQAA6CG l托I,31 B
威駅TeC岱附 削汀紬白磁ArQ6T鶴榔 鮎CGTGÅ^ TAM GCGQA白CCeAG8T 耶QQCGGQACCCGTC 6GACTQ6C6QTA6AAQGGe Tlfき
鮎毛軸IAr威婚uL鮒Ar基軸pÅf級別y兵IaABPL8uA鮒LysPrQ8IuPr oThrCy8Q(yArgThrPr oL飢 州 8L¢u^ IaValGluA[a
＋ ＋ ＋ ＋ * ～ * ＋ ＋＋ ＋ ＋
QT8 触TTCeCAACCC 舶CCeA6AQA^CGAA6AQ6AQCC8f尼 B_ Bl
馴3 e 鵬6G^6CG絹鵬 柑汀QQAAG mTCCr肘舶QCG8 m eTBACCCCACCBCCCQCAT 馴TQQG8QC QCAGCCCATT8QC^QT8CC I尺 B･ 〟
91 e鵬QCAQe 蝕AeBTACr 鵬鵬CTTCTTC 柑AA 脱 TG m CT6ACCGTC^CQCCG 蹴ATGTAT 鵬866CCQCAOCCCACTT66CA6T8CT rlB
31 帥 ^faAlaA8 nya(L母u馴uL母由 比噂uLy番Al漁馴yAl劫A印Pr oTbrAIaAr鯛otryr61y馴yArgThrPr oL鮒8Ly鮎rA18
* ＋ # ＋ * ＋
翰3 C 柑erC 紬鮎G伽AeCCGATCCTTQCCC 舶eTCeTCC包丁QG 舶ATQOQBOGG 耶AACeTQAQ臥G8AQ Ae窃ATAAQCTT^QCCGTTQCl柁 B･/)
柑I CT6eTeC窃鋸GCAATCCGATC･CTTQ CCQGCTGGTG鵬TBe 紙AT8糾駄CCGT8 舶CCT8 舶馳T6A駅AT6ATA^8CTCGQCCCTTQCCTl担
馴 L⑳uL母uAr折 oA包nPro=魯L母uAl急Ar虹euL鮎Ar底Å愉i姐 yAlaPr o馴uProGIuA印馴uAsp^ B虹y8L鮒G暮yPr oCys
＋ * ＋ * f * e
993 戚eA 酪鵬eQe6A鮎 弘eA釘糾GA6T蝕¢AAC^QA糾TQA 朗6C6AT臥ATÅTQ^T6ACT8TQQTTCACAQT6QC^耶A6CCAAA^CI托 B- β
271 Å鮮A 齢繊C旭CAQC 弘一幽T執C細TQAGQQA馳QATGA 鶴駈臥T6AATATQAC6ACATT6T66TCGAC 舶TG8C舶6A8CCAAAACcrIR
馴 S母rS即SerS即S8rA8PS母rAspS魯r舶 脚 yArgA8PGⅠL創y如p馴uTyrAspA叩Il 納IV 州 isS8r馴y^ rgSer馴nAs n
♯ 8 サ Q * ヰ 8 ＋ ＋ *
柑83 CBAC舶防 縦CTTCC6 舶鎚T 00 舶他CT6TTC¢rGAT6ACCCG 舶CCC88CCTQACTTAÅGTGGT仙TATTAATATAATTTCCA
‥ . . . .
IfGa- β
367 T 磁GT^CCT8 鰐TCCe6 磁GAGCCAAAC6TCTTeGT8^T6^CTCC 仙CCCQCC工鮎CTTA^TTTCAATA TA^TATAATT CC TT基 CTIB
121 TrpL軌暮P( oPr o軸rPr o別名Pr oLy8PF OLeuProAspA8PSwAs nPr oAl8♯勝 138
1 け3 .
451戚地色鵬打TG舶ACCT 臥油6¢A6 舶ん帆
･FigtLr e10. NtlCle otide a nd p陀dicied a min o a cids cqⅦe n c e s ofCTI B･ Ope nbo x
indic atesthe n u cle otide s equ e n c e ofthe multiclo n lng Site ofthe PCMV-sc ript vecto r.
T he start c odo n, the stop c odo n, andthe polyade nylatio n s lgn alar e underlined･ The
n u cle otide sequ e n c e ofthe3
'
-te mia nlr egio n oflkB-βis als o show n a ndthe n u cle otide
ba ses show ingheter ologtle ar e n ukedwith
" *”
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4 0 0 bp
N A
A S-5 B
54 K Da _ ー ■ ■ ■ -
2 0 K Da -
N A
A S-5 B
■l
I
pLG F
-53a
N A
RAR-5 3a
N A
C HO -K1
- - - -
N A
R A R-5 3a
N A
CEO IK 1
G 3 P D H
C TIB＋ k B-P
k B-P
C l】B
pqBI-f N 3 pDsRed2-N 1
FipT YIll Eq)res sio A Of C TI B･ Cells w e rein c ubatedatpH 714 orpE 613 for24hr, a nd
totalRNA o rpr oteinsanple s w er epr epa r ed. (A)O15llg OftotalR NA s ample s w e r e
s ubje cted to a s emi-qu a nthativ e R T-P CR, R Tre a ctio n s w er eperfor m ed wi their
r e申e Ctive r eve rs epr 皿 e r S a nd the R Tproducts w er e s ubjectedto Trn49
oC
,
23cycle s
P C RfortN )thG3P D EandC TIB＋Id -β;(B)10pgofpr otein s amples were stlbje ctedto
lO %o r15 % S D-PAGE for We ster nim m unoblotthg a nalysis;(C)AS-5 Bc ells w e r e
transfected with indic ated phsmi ds at a c o n c erLtr atio n oflps/1×10
5
cells and the
fluor e s c err(im age s w er take n2days aRerthetr a nsfectio n s. Ol: n edral;A: a cidic)
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Su m m ary3
Tr a n sfe cti() ∩ orA S-5l･3 withthe eD N Ac拍n e e n c oding C TIBr e s ultedin that c ells
r egain ed C apa citie sto pr olifer ate a nd m aintain p･Hiho m e o stasis partially at pH6･3.
CTIきw aso n …fthepr ot血s e xpr esed by王7eB-βge n e aride xistedinboth CHO-K la nd
RAR-53a,butitw 魚島 n e a Tly abs e nt&o mAS-5 B. Ⅰ拡B-βw aspre s elltinboth CHO･K la nd
A S-5 B /
L
l
′1
he s e r e s u鮎 str o ngly s ug酢Stedthぬ C TⅠB C o nfe rredpartiala cidiかr eSista n c e
o<n AS
-5 迅a ndthe a eidie･sen sitivity(3fAS-5Bw a s atleastpartiallydu etothedeficie n cy
in〔ご
y
l-
､
IB.
29
P挽紙 4, 藍飽 e官 of C 甘
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.‡B sま丑enGlng O n 蝕e a cidic
●
adap官at皇o min CH O-
'
K 旦
‡紺i魚故事n Ofi:
f
F,‡Bi
圭軸 倍PA
y
ile n e e rT M4･I･e>M V･pu r o w a s u- edto c o n structplasmi d
･fo rCTI Bsile nGl ng･
●
T h呈艮 V e舶 T e Oぬin s 汲 m Odi.f
v
l ed eyto m聯lovirus(C MV)pr o m ote r upstre a m a nd a
m odii=l ed siTrlia n v如s棚 (SV-40)poly軌de nyまatio,ll Sign al do w nstr e a m ofthe sho rt
hairp圭riR N Ate mp 蜘 s othatitis abletotran s c ribethede siredshR NAforlo ngte rm in
v ayrio u s spe e転 altho ughthe sile n c m鳥 Oftargetge n e shasbe e nfo u ndtobe at v arious
●
le v els a m 紺gthe 触 n sfec細t eolo nie s･ A sh R NAte mplate w a sde sign edto sile n c ethe
昏XPr 鰯io n oダC
Flf
l
IBbut e淑 e m由y a v oida蝕ctingI7eB-β. T he resulting plasmid w a s
des主即急t曽dpC
f
l
l
lBiarld 地e shR N Apr o血ct w aspr edicted as show nin Fig.12.A, the
lo op de sign 稔d a s r e c o m m e nded by 払e o nlin eto olw aspr edictedto be elimin ated by
Die erき r e S ultinginthatthe shR N A bec a m e a ctiv eshortinterfer e nce RNA(siR NA).
e を‡0-KI w a str 組S免cted withpC･TIBia ndsubjectedtothe s ele ctio nwith2pg/mlof
pu ro mye ln a Sde scribed in
"M ateriala nd Methods'
'
. Se v e ntytw o ofthe pu r o mycin
r esist弧t C Olo nie s w er e retrie ved a nd s ubje cted to the s c r e e n mg via Weste r n
●
im m u n oblotting a n alysis with a r abbit a nti- m o u s elkB-β a ntibody (C-20). On e
tr a n sfe eta nt str ain,in whichthe e xpr es sio n of CTIB w as signifTIC arltly､s uppr es s ed but
ⅠKB-βw a s o nlyslightlyaffe cted(Fig.12.B.), w asis olated and de sign ated C TIBi.
A c o ntr olplasmidpr o vided inthe v e cto rkit w a s als otr an sfe ctedtoC H O- K lino rder
to ev aluate the effe cts oftr an sfe ction pr o c edu r e a nd shRN Apr odu ctio n o nthe
pr ope rtie s ofe ells･ T his c o ntrolplasmi dw asthe s a m e v e cto r c o ntainingte mplate ofa
s o- c alled "s c r a mbled'' shRNA, which ha sbe e npron o u n c edto ha v e n o effct o n a ny
kn o wnge n ein v a rio u s spe cie s･ One ofthepu r o mycl n r esistanttr an sfe ctarlt C Olo nie s w as
●
r etrie v eda nd e mployedasthe c o ntr olstain･ Thistr a n sfe cta nt w asde sign atedN O TIN G i･
R T-P C Rpr odu ct c o rr e spo nding to both CTIBand lkB
-β w asfo u nd to de cr e as e
signific antlyin CTIBi but thatinNOTHIN Giw as not affe cted(Fig･12･C･)I Co mb ining
with the res ults of We ste m im m u n obltting a nalysis, it s uggested that CTIB w as
sile n c ed signific a ntly butlk B-β w a s o nly slightly affe ctedin CTIBi, tr an sfe ctio n of
shR N Av e cto r a ndthe s ele ctio n withpu r o mycin had n o e飽ct o nthe e xpr e s sio n of
C TIB.
30
野m旦蔓蝕r漁加 ゎ 0ダC
l
甘葺■Bま免官節約6-3
Alth叫 紳thepr ol 撤atio ns ofNO
'
‡
へ
ぼN Giw er eobs e r v edtobedelayedatbothpH 7.4
a nd p‡･
LⅠ6･3 c o mparlrlg With tho se of C‡･
･(IO- Kl, the n u mber of cells in c r e a s ed to
◆
approxim ate 27 a nd5folds r espe ctiv elyove r6 days(Fig.13. Alea). CTIBie xhibiteda
similar pr olife ratio npatter nto NO T HIN GiaモpH 7･4 byincr ea si ng C ells
,
m l mbe rto
●
app和 Xim ate25 糾ds o v e r6 days,butc o mpletelyfailedtoprolife r ate atpH6.3justlike
A S005B(llぎig.13.A. right).
''
f
l
he 培XPr e SS如s oぎⅠ感 ･βand C TIB in NOT HI NG･i a nd CTIBi in c ubated a‡pH 7.4
a ndpH()･3 鮎 24hr w ere a呈s oin v e stig如d with Weste r nim m u n oblttingan alysis, a nd
伽 r e s ulte o n e ur Tedwiththo s e ofs e re e ningstage(Fig.13.a.),indic atingthatCTIBw as
s如i 触ntlysile n c ed in Cl､
､
Ⅰ迅i butu n a触 tedin N O T HIN Gi
,
wher e a sⅠKB-βr e m ain ed
e o n st挽ntinbothstrain s.
′
1､
'
r a ns鮎毛io n s wi･th 伽shRNA v e cto rs a nds ele ctio n withpu r o myeinledto delaysin
pr o肋 r aぬ 脂;ho w e v e rit w aslikely a n o n･spe ei 鮎s uppre s sio nsin c ethepr olifer atio n s
of 蛎thstr ai王ユS 払tp‡
～‡7･4 w er edelayedat similarle v el･ OnlyC TIBiCo mpletelyfailedto
pf Oli
･fe r at祭 政 p馳 3サ the r eぬreit w as ableto c o n cludethatCT王Bsile n ci ng r es ultedin
●
failu r eto prolifer a紐 in a eidie e nvir o n m erltS;deficie n cyin CTIBledtolo s e ofa cidic
盈dap‡atio ninC H O-Kl.
濫軌cせs ofCTⅠ換算ile n cing o nthe e xpr 鰯 io n s ofstrc s s r e spo nding ge n e s(Fig.14.)
Be e a u s eCTⅠB is the C O OH terminal region protein e ncoded bylk B-βge n e a nd
IKB-βis c o n side red as o n e oftheinhib辻o ry pr otein s ofn u cle artr an s criptio nfa cto rk B
(NF- KB), effe cts ofCTIB sile n cing o nthe e xpr e s sio n s ofs e v e r alN F-7(B r elatedge n e s
w e r ein v e stigated. Total RN As a mple s w er e e xtr a cted 丘o m N O T H ING ia nd CTIBi
in c ubated atpH 7 Aa nd pH 6.3
.fo r24hr a nd s ubje ct tothe s e m i-qu a ntitativ eRT-PC R
乱 脱Iys IS a Sde s c ribed in
”M aterials a nd Methods” . Thepr odu cts c o rr espo ndingto both
壬KB-β a Jld CTⅠB w e r efo u nd to be at v ery lo w le v els in C TIBi compa ring with
●
N OTHINGi
,
tightlyc o n c u rrlngwiththe re s ults ofs c re e n ingStage.
Heter odim er ofp50a ndp65 a rethe m o st c o rr m o n c o mpositio nofNF- kB c o mple x
though N F- kBcomple x con sists of m or e s ubu nits and v ariesin co mpo sitio n a m o ng
tis su es a nds
.pe cie s. Sin c ep50is not e xpre sseddir e ctlybutdegraded&o mitspr ec urs o r
plO, theinve stigatio n o np50 w a sperfo r m ed viainv estigation o nthetr an s criptio n al
le v els ofplOO. Thetr an s criptio n s Of bothp65andplOOwe re foundto be signific a ntly
s uppr e s s ed byC TI Bsile n c ing e SPe Cially inacidic e nvir o n m e nts,in which min o rba nds
be side s m ainba ndofp65w e redete cted andplOO w as atn e a rlyu ndete ctablelevel.
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‡KB< Lis a n o伽r m ajo r m e mbe r of王7(afa mily a ndals o ata rgetof NF-kB a ctiv atio n.
●
T he･r efo r ethetr a nseTiptio n s ofIKB- αin CTIBia nd NO T =ⅠNGiw e r ein v e stigated and
the r e s ult re v e aledthat〔汀I Bsilen elnghad n o efe ct on thetr a n s criptio n oflkB- αin
●
a eidie 即 neutr ale n vir() n m e nts.
p
‡
.1
hetra n s eriptioll 0fa nother NF-tentarget,interle ukin- 叩 (IL心P), w a sfoundto be
s uppr e s s ed by(…TⅠBsile nci ngt恥 Whileitstr an sc riptio nin NOT HINGiw as slightly
●
indu c edatp主格3.
Re a etiv eoxyge n spe cie s(a(
i
)S)ar e on e ofthe m ajor ellVir o n m e rltalstre s s e sto c ells
a nd妄IIso e re ated 呈i- a eidie e n v主r o n m e鵬 str es s mg C ellsin addito ntothe a cidic str es s.
*
The r efo r e m a nga n 郎 e S uPe r O Xide dism uda s e(
'
M nS O D), a m ajo r str es sre spo nding a nd
alぶ() aN王Ti
4
- K‡
L
:きtarget m e cha nism thatparticipatesin elimin ation of ROS 鮎m c ells, w a s
in v e st蛎ted･ T he tr a n s c riptio n 8fMrlS O D inc r e a s ed signific a ntlyin N O T HIN Gi but
w as a= - e a rly unぬte etable le v el in C TⅠBia土 pH6･3, s ug gesting it w as a飽eted
●
s喝nil
T
W
e antlybyC ribsile n e lngユn a Cidie e n viro nm ents.
N F- KB pa;Ttie呈pate sin F喝ulatio n s of m l mer OuS ge n e S
'
e xpr e ssio n s, a nd it w a s
r 倍PO rtedthata etivぬio n of N F-KB indu c edthe e xpressio n s of NF- KBits elfa nd hundreds
oft紺 野tge n e s S u cha s比 - 岬 ･ The stlp.pr e ss ede xpr e ssio n s ofp65/p50s ubu nits,Ⅰし トβ
and MnS O D byC TiBsile n e l ng, Which induced failu r etopr olife r ate atpH6･3, str o ngly
*
s ugge如d ぬt C TIB wa s e s s e ntial fo rthe a ctivity of N F-k Be spe cially u nde r acidic
str e s s, a ndthe 鮎n etio n s o
r
f C TIB in a cidic- adaptatio n w aslikelyto a ctiv ate N F-kBto
trigge r the adaptatio n pr o c e s s e s. T he tr an s c riptio n a1 le v els of lkB- α re m ain ed
u n cha nged a m o ng str ain s a nde n vir o n m e ntstho ughit w as also r eportedto beinduc ed
by N F-7CB a ctiv atio rl, but this fa ct w o uld likely be e xplained a s varietiesin NF-1CB
pa地w ays a m o ngspe cies a ndstim ulations.
T he tr a n s c ription s ofinterleukin-2(Ⅰし2),interle ukin-8(IL-8), In s ulin like gr o wth
facto rbinding pr otein, irlter C ellular adhesio n m olec ule-1(ICA M- 1) and copper/zin c
s upe r o xide dis m udas e(Zn/Cu S OD)w er e als oinve stigated but n o e xplain ablepr odu ct
w asdete cted. Be c a tlS ethe r eis n o CDNA data ba s e of ha m ster at this point andthe
pn m e rs w er ede sign ed u si ngthat ofHu m a n, n eithe rla cks of ho m ologyn ordeficie n cie s
◆
in tr 弧 S Criptio n s c o uld be e x cluded asthe e xpla n atio n ofthat n oR T
IPCR pr odu ct w as
dete cted,ther efo r ethe r e a s o n s r e m ain edu n cle ar.
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FigtI 陀 12. E 触ct of R N A inte rfere n ce o n 仙e e xpre s sio n of C TIB.(A)Predicted
pr odu ctofshRN A;(B)8pgofpr otein s a mple s w er e s ubjectedto 13% SO S-P A G Eand
We ste r nim m u n oblotting a n alysis w asperfo r m ed as de s cribed in
” M aterials and
Methods”;(C) Semi-qt n ntitativ e R T-PCR a nalysis w a spe rfo r m ed asde s cribed in
” M ate rials a nd Methods”
,
R Tpr odu cts c r e ated withr ando mprl m er W e r e S ubje ctedto
●
Tm 49
o
C, 30 cycles and Tm49
0c
,
40cycle s ofP C Rfo rG3P D Hand CTIB＋IkB
-β,
r e spe ctiv ely.
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IKB -β
C TIB
Figtl r e13. Effe ct of CTI Bsile n cing o nthe a cidic adaptatio nin C‡‡0
- K l･ (A)
Prolife r atio n s of N OT H INGiandC TIBiatpH 7.4(ロ) andpH 6.3(帝), details a sde s c ribed
in Fig.1;(B)Cells w er ein c ubatedin m edia of indic ated pH v alu e sfo r24hr a nd
appr oxim ate 8LLg Ofpr oteins a mple s wer esubje ctedto lO %o r15 % SDS-P A G Efo r
We ste r nim m u n oblottinga n alysis.
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Se m卜qu a ntitative R T-PC R
●
CT^ⅠBi N O T HⅠNGi
pHe 7.4 6.3 7.4 63
G 3 P D H
C T ⅠB＋Ⅰ泥■B-β
N F-KBp65s ubunit
NF-KBpl00/p5 0s ubu nit
hcB-α
IL トβ
MnS O D
Figur e14. E 蝕ct澄 OfCTI Bsile nclI唱 O nthe expres sio n s ofs士rcs sr e spo nding ge n es.
●
TotalR N As a mples e xtr a cted丘o r n cellsinc ubatedin m edia ofindic atedpH v alu es w er e
s ubje cted to s e m トqu a ntita壬ive RT-PC R a n alysis as described in
" M aterials a nd
Methodsw . The PC
-
R Tm a ndn u mbe r ofcycle s w e r e49
0
c, 3 0fo rG3PDH;49
o
C, 40 for
CTⅠB＋Ik B-β;55
o
C, 3 6fo rN F-k Bp65, plOO/p5 0andlk B
- α;4 2
0
c, 40fo rI し1-B and
50.2
0
c, 36 fo r M nSOD, r e spe ctiv ely. (1 of at le a st 5 indepe nde rlt e xpe rim e nts
pr es e nted)
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S'u m m a ry4
CTⅠB sile n el ng re s ulted inthat Gensfailedto pr olife r ate atpⅠi6･3･ Thetr a n s criptio n s
●
ofNF-TCBp65,plOO/p50s ubu ni晩 比 ･1-βa ndMnSOD w e re als ofo u ndtobe s uppr es s ed
by C TII
13 sile n cing･ Sin c ethe e xpr e s sio ns of NF- KB p65, p50s ubu nitsJⅠQJ- 叩 a nd
MnS O D hav 母be e n r epo rtedto beindu c ed bythe a ct呈vatio n of N F- 紀･B e o mp触 it wa s
ableto e o n clude ぬtC
p
FIBw a s e ss e ntial fo rthepr ol漁rittio n of C‡拍 - Kl u ndera eidie
st 耶 S, a nd C
'
rⅠB 如拙 鮎 n ed likely via a ctiv atirlg N F･7eB to t軸gerhu ndr eds of its
ta聯 tS Pathw ays in血ding 比 - 糊 a nd MnS Or) to ㌢e spo ndto a eidic str es sぅ altho ugh
CT王B w as aC O 紺r怒gio np
L
r Otein e ncoded byf7eB-βge n ethat w as argtl母dtoinhibit 触
o v e r- a etiv atio n of N F｡7eB.
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節義sc覗SS畳o 汲
This study s ugge sted that m a m m alin C els w e r e ableto m aintain pfiho m e o sta sis
a nd pr oli蝕rate u nder 挽Cidic pl
･ま c o ndito ns(pH6.3). ln this study, P王PFJS in ste ad oぎ
Na董･▲壬C O推 0芝 Wa Sused asthebtl蝕r syste 弧 PⅠPESis aGo od
'
sbu飽r withpKa v alu e
of6･8
,
a ridlOm M of it p柑 Vide s e n o ugh btl飴r eapa eityinthe m edia withpⅠま v alu es
rariglng fro m we ak 弧idie to n e utr al, witbo tl a 軸n 瓶 a nt e飽 ct o n o s m ola rity o r
書
pr olife r atio n ofe elLs(data n otsho w n). NaF壬C O推 02 W a s aba ndo n edn ot､o nlybe caus eit
w a sdiWle ult･to obtain 舶ble a cidie p壬
-I valu e sinthis syste恥 butals obec a u seit w a s
c o n side redthatthe r ole so 柑 C O
.{ w e rele ssimpo rta ntinthe ad革ptatio n ofc ells u nde r
a eidie str e ssince the e o n e e ntr atio rl O㌣H C O{ w as ealeulatedto a.e c r e as 昏dr astic ally
鮎 m 24mM to8mM du ring a Gido sisin viv o whenthe pH v alu e s ofpla s m ade c r e a s ed
鮎 m 7･4to 7･2･ !nde紙 irlhibitior mf HC O3
-
(eo)tr a n spo rte rs with DⅠDS hadn o e漁 et
o nthe p‡iiv alu es oF C‡ま0･Klatpl浅6.3(Fig.3.)e v e ntho Llghthey w e r ede m o n str atedto
bepr 昏S e rit nboth C H O-K まandaeidie-s e n sitiv e m uta ntAS-5 B(Fig.7.).
N ‡iEs has bee n Considered to be a
”ho u s eke epmg
”
m e chamim in v olv ed in
●
n um erousphysiologie al 免m ctio n s,in cludingpr oiifer at呈o n, m ainte n a n c e s of Na
＋
andpHi
ho m e o sta sis (杏, 9,)一 It tv a s r epolrted pr e vio u sly thatinhibitio n of N H Es by EⅠPA
de cr e a s edpHi(22,)a nd indu c edc ell deta chm e nt(23,). T hepr ese ntfi ndingsthatEIPÅ
dec r e as edthepHiv ahl e S Of C H O-KlatpH6.3(Fig.3.)a nd blo ckedpHire cove rie s a鮎r
cyto s ola cidi茄catio n(Fig.7.), c o n c u rred withpr e vious reports,indicatingthB[tPr oto n
e xtn lSio nby NH Es played a r ole in pIヰi ho m e o stasis in c ells u nder a cidic str e ss.
How e v e r,this 氏In Ctio nw aspartial bec a u s eEIP Ao nlyde c r e as edthepHiv ahl etO6.6in
30 min, aridtw ole s s e飴 ctiv eN H E inhibito rs, 25pM ofN, N -dim ethyl ami loride
(DMA)a nd5m M ofami loride,hadn o e飽ct o nthepHiof CHO- K lu nder a cidic str e ss
within 30 min (data n ot sho w n). Fu rther m o r e, the a cidic- s e n sitivity of AS-5B w as
unlikelydu etothe defi cie n cy of N HEs asthe e xiste nce of fun ctio n al NH Esin ÅS-5B
w as c o nfir m ed inthe e xpe rim e nt o npHire cove ries(Fig.7.).
The .Lhn ctio n s of NH Es have be e npr o v ed to be e s s e ntial fo rthe s u rvivals a nd
pr olife r atio n s ofc ells sin c eits deficie nt m uta ntfailedto pr olifer ate at n e utralo r a cidic
pH, a ndit w as als ofo u nd thatinhibitio n ofN H Es fo r o v e r24hr indu c ed de ath of
CHO- Kl in c ubated in n e utr al a nd a cidic m edia in this study(data n ot sho wn).
Neve rthele s s
,
the N H E deficie nt m utant w a sde riv ed with a n " a cidic s uicide” str ategy,
in which m utange niz ed c ells w er e s ubjectedto aNa
＋
Be e m ediu m withe xtr e m elo wpH
37
valu e桝 鰭), C ells withN HEs e xpeledNa
＋
a nd inputted 打 thu sde ad fo rH
＋
ove rlo ad
but the m uta nt d ぬ ie ntin N 王職 s u r vi ed(1 7,). Ⅰt w a s als o r eportedthat E. c olt
deFl eie ntin alltype s of kn o wn Na
＋
tr a n spo rte rs w as se n sitiv eto o nly Na
＋
but n otp=
v alu es ofm edia(24,)I T h倍Sefactsle ad紬 a rgu ethatinfu n ctio n s ofN‡職 , m ainte n a n c e
ofNa
ヰ
ho m e o sta sisispo o rto that of 淋 whiehisthe r e s ultede飽 ct ofa nd m ay e v e n
●
be s a e ri 触 dfb∫ Na
ヰ
ho m e (- sis s o m 昏tim es, altho ughpHis e nso rs wer e als o r epo rted
to e xistin N HEs･ T his the o ry m ay be a r 飽 S O n able e xplanatio n 払rth醜 N H Es w as
- e ntia･l fo r v ario u sphysiologle al pr o c e s s e sbut fun ctio n ed o nly pa rtially in
●
m ainte n軌ne eOfpl
-‡i ho m e o stasisinC壬ま0 収1u nder a eidic str e s s≠
T hre etype s o柑
＋tA
p
FPa s e s
,
P･type, V-type a ndF-type,ha v ebe e nide nti鮎dto dぬ
Altho ughthedistributi(} ns and fu n ctio n s ofthe se 航 Årpa s e s ai･e V arieda rrl紺 g SP舵ie s
a ndtis s u e s･ they a r e alidriv e nby e n eTgy 鮎 m Al
l
y hydr olys主s arid e xpeli鵬r n al H
＋
again st the C o ncentratio ngr adie ntto maintain the を`Ⅰ
ヰ
弧dpote ntialgradie ntbetw e e n
b ぬ side s ofthe eyto s o
l
lrn e mbr弧 e･ Ⅰモ wa s r epo rtedthat 触 ctio n alup- r egulatio n of
をⅠ
ヰ
- A
y
圭
､
Pas es8 e Curr ed iⅠ1 a- r ed inn e r m ed dlary c olle ctingduet e eus s u飽ringlethal
a eidie stre s s(13ふ s u鎚e Stingthey w er eimpo rta ntfo rthe adaptatio nto a eidic stress.
i茸o w昏V e r, th ぬ 鮎n疏ion s a nd e v e n e xiste n c esha v e notbe e n c o nrlr m ed in C H O_K I
sin c eba 紬 mycin - e 触 tive H
＋
- ATPa se sinhibitor,hadn o effe ct o npHiho m e o stasis
m ainte n a n c eatpH6･3(Fig3･)o rpHir e c o v e ry a鮎r cyto s ol a cidifTIC atio n(Fig.7.), a nd
simi larphe no m e n a w er e als ofo u nd irlC HO- Kltre ated with om epra z ol, a n other w ell
kn o wn H
＋
- AT Pas e sinhibito r(data n otsho w n).
Replica m ethod is a n efrl Cie nt a nd e c o n o mic al str ategyfo r s cr e e n ing m ut弧tS
●
s e n sitiv etode sir ede o nditio鴫 be caus e o n e r eplic a c o ntainingupto 400c olo nie s c a nbe
s cr e e n ed within approxim ate2 we eks a ndthepolye sterdis c s c a n als obe r e cycledafter
tr eぬ m e nt with Ethanol and 37% H Cl･ Cle a n m aterials r e s ultin high eWICie nt r eplic as
thu sbothpolyeste rdis c s a ndgla s sbe ads o ught to be pr epar edc areRl1y･ Ov erlappmg
■
polye ste rdisc earlier r e s ultsinle s s s atellite c olo nie sbut slo w erpr olife r atio n, a nd the
optim altim lng fo rdis c o v e rlappl ng W a sfo u ndto be the fo u rth dayfo r 軌st r o u nd
＋ *
s c ree n l ng andthe s e c o nd dayforpurific atio ninthis study. M uta nt candidate s r etrie v ed
舟o mthefTlr St r o u nd s c r e e n ing Ought to be s ubjected im m ediatelytothe r eplic a r o u nd
●
fo rpurific atio n witho ut a lly arnPlific atio n, be c a u s e e v e n aslightdelay lnPr Olife r ation
wi llle adto drastic de cr e as einpr opo rtio ndu ring amp王ific atio nifm utaJItis r elative
w e aka ndc o ntamin ated withwildtype c ells.
AS-5B pr olifer ated at pH8･5;thu s, n eithe rpr oto nper m e ability n o r cyto s ol buHe r
c apa city w aslikely alter ed inthis a cidic-s e n sitiv e m uta nt･ AS-5 Bdid n ot pr olifer ate,
a nd R A R-53a e xhibited a slo w ergro wthr atetha nCH O- K latpH6･3,in r e spo ns eto
38
th ぬpI
-Ⅰiv alue s of 6･12, 6･62and7･06re spe etiv ely･ The s e obs e r v atio n s agai n Stro ngly
●
sugge stedthat m ai打te n a n e e OfpFIin a n e utr alr a ngeis critic alfo rthe prolifer atio n of
Cels u nde r a cidie str e s s.
AS-5B C o mpletelyfailedtopr olifer ate 醜 pfi6･3,ho w e v er, whe nAS-5Bin c ubated at
p
■吏LII6･3 fo r up to 10 days we retr a n sfe rr ed to n e utr al enviro n m e nts, pa rt oぎ c ells
pr olifer atedagain(data n otsho w楓 This 触dings ugge stedthatlo ngter mpHiv alu e of
6･l w as n ot a n abs olutelylethalc o ndito n
.for C‡i()-Kl, as w ella stheftlo s e ofpHi
ho m e細 風Sis r e s ultingin 鮎Iu r etoprolifera抵 触 n ot that虚eぬ r L3S ultinginlo s e ofpHi
bo n e () staisin AS-5 BatpⅠ賂3.
To in v estigate the p圭
･まir eG OVe ri昏S a鮎r eyto s ol a eidifTIC atio n, io n opho r e nig昏riein
in ste ad ofN払CIw as utilig.ed 細 a cidify eyto s ol, be c a u s eit w a澄 m O r e COll V e nierlH o
pu rehas e舶c r e a s ein pHiv alu e s atdesired le v elthr o噸h a eidi損e atio nwitb ni蕗eriein.
Sin c enige rie呈n w 即ks depe nding o nthe gr adie rlt Ofpotas siu m(K
''t)and H
＋
, boththe
bu飽r sfo r a cidi鮎atio n a nd w ashing ofrlige ri 血 &o m e 母11should be n o nNa
＋
盈ddito n
(,145rnM K
ヰ
in ste ad of Na
+'ト
)in o rぬ to ob臨in optim ala cidi郎ng e飽e七 色nd r e strict
fu n ctio n s of NIu職 a nd吏まC O3
-
(c o)tr arlSPO rte rSin this step. Cells a鮎r a cidiflC atio n
o ughtto be w ashede ar e鮎Iyto ens wethat nigeriein n olo nger e xistsinthe step ofpHi
re c o v e ry be c a us eitis very sen sitiv eto changein 打 gr adie nt. Als o, sin c etheinitial
cha ngeinpHir e spo ndingtothatin e n vir o n m e ntalpH valu e sis v eryr apid,thepH v ahle
ofw a shingbu飽r o ught七o be adjustedto6.0, slightlylo w e rtha nthat ofthebu飽rfor
a cidific at o nbuterlS tlr etheinitialpHiv alu e sfo r m o nito ringtobe appr o xim ate63.
Splicing v aria nts e n c oded by one ge n e a re v ery co m monin m am malian cells. The
C TIBge n e, whichc o rltain s onlythe 3
'
termin alr egio n ofthelkB-βgene, w 卿 ableto
expr e ssits en coding pr otein(Fig.ll.B, C.), while the pr e s e n c e of CTIB w a s als o
c o n丘r m ed inCHO- K l(Fig.11. B)i No rthe rnblotting u singr adio-labeled C TIBge n e as
pr obe als o sho w edtw o s epar ated hybrid bandsin bothR AR-53a a nd C H O- Kl(data n ot
sho w n). T he s edata s ugge stedthat the C ribge n e w a s n ot aby-pr odu ct ofthe CD N A
libra ry, but a CD N Aclo n ebelo ngingto the splicing v a ria rltS Ofthe lk B-β ge n e. In
●
ad ditio nto the slgnifl C a ntde cr e as ein the RT-PCR pr odu ct, We ster nim m u n oblotting
弧 alys ISindic atedthat CTI
■B w a sdeficie ntin the m uta nt, altho ughthe r e as o nfo rthe
deficie n cy r e m?insun cle ar･ BAR
-53aproliferatedpa rtially atpH6･3(Fig･S･) and C TIB
sile n cingr e s ulted infailu r eto pr olife r ate atpH 6.3(Fig.13.), suggestingthat C TIBw a s
e s s e rltia fo r the pr olife r atio n of CH O c ells under acidic str ess, aJld that the
a cidic-s e n sitivity ofAS-5 B w a s atle astpartially du eto the deficie ncyin this sm all
protein.
R T-PCR a n alysisin whichr e v e rs eprim er s e n sitiv eto C TIBandlkB
-β w asutiliz ed
39
for r e ve rs etr a n s cription r es ulted intw o s epar atepr odu cts(Fig･ 1I, A･);but that utilizing
ra ndo mpTim er如 reve rs etT allS e riptio n re sdted in o nly on epr')du ct(Fig･ 12, C;Fig.
14･)I This 蝕ding s ugge stedthatbe side sC T晩 othersplicing v aria nt(s) en c oded by
ⅠKB-βge n e s als o e xistedin CⅠi O-Klbutit/they w as/w er e ofles s abu ndants othat n ot
able to be dete cted via RT-PCR utili血g r a ndo nl Pri m erfo r re vers etr a n s c riptio n
I
ぬ a u se orr･elativ elyle s s abunda n c einte mplate s.
C T王B has n otbe e nr epo鵬dto date be c a us elO %o rほ% S DS･pl()ya c ryia mide geュs
w 思r e u s ed in pr e vio tlS Studie s a ndthis sm aupm 紐in w as u ndete舶ble･ In this ぬdy,
15 %o r13 % S DS-polya eryla mide gels we re utili芸ed 如 昏Ie etr opho 糟Sis s othatCTⅠB
re m ain edt lJsingthe s egels･ similarpr otein s w e r e als odetected irkhu m a n s o u r e edfまeLa,
Jurkata nd BJÅB ee晩 as w ella s m o u s e s 8 u rC ed M C3T3eeまIs(data n otsho wn).
Whe nR NAirlte rfer e n e etechniqu e s ar e appliedto sile n c ege n e withsplicingv ぬ n晩
di駄re nt s uppre s siv ele v els a re s o m etim e sfound a m o喝 the splie軸 variants. T his
phe n o m e n o nis v e ry c o m m o nbutu npr edictable,ho w e v e rp o videspo s sibilityto s cr e e n
tr a n s鮎ta ntstrainin which de sir edsplicingvariarlt(S)is/a r e s uppr ess eds e王e ctiv ely. Als o,
CD NA do main r e e o m rn e nded fo rC TIBbutn otIKB･βsile n cingbythe o n■lin eto olw as
tltilizedto de signthe shR NAtemplateinthis study,this e飽rtr e s ulted in s u c c e s sful
呈s oiatio n of C TIBi bys c r e e n ing72tr w sfe cta ntc olo nies.
●
hcB is a eyto sol inhibitory pr otein fa mily ofthe nu cle us tr a n s criptio n fa cto r
N F- 芯B/Rel fa･mily, r estrictingtheir n u cle ar e ntrythr oughthebinding of王KB with Rel
pr otein･ When C ells ar e u nder str e ss, hcB is pho spho rylated a nd d噂raded, a nd
N F- kBrRel is a ctiv ated, playl ng C ritic alrolesin diver s e c ellularpr o c e s s es s uch a s
書
gr o wth, apopto sis,im m u n e r e spo n s e,inna m m atio n a ndo n c oge n e si(25,26,27,). IkB- α
a nd hcB-β ar ethetw o m ajo rprotein s ofthe lk Bfamily a ndthey differin te r m of
tis stle/c ell distr butio n
,
r ate s ofsynthe sis/degr adatio n, a nd r espo n s e stodi飽r e ntstim uli
atboththetra n s c riptio na ndpo sttra n slatio nle v el(28,29,). It w a s r e cntlyrepo rtedthat
hyper c apn l C aCido sis pr e v e nted degr adatio n oflk B- α indu c ed by LPS, r es ulting ln
pr ote ctio n again stinna m m atio nindu c ed byLPS inhum anpulm o n ary artery e ndothelial
c ells(30,)I T his fi nding s ugge stedthat theI≠虫 family mightplay c ritic alr olesinthe
pr ote ctio n ofc ells u ndergo i ng a Cidic stre ss.
In c o ntr ast tothatIKB- α r apidly r e spo ndsto v a rio u s stim ulis u chastu m o r n e cr o sis
fa cto r(TN F) a nd lipopolys a c charide (LPS), IkB-β is a m o re c o n stant a nd le s
u nder stoodprotein･ Ho w ever,itis als o e ss e ntial fo rthe ba sic physiologlC alfun ctio n s
be cause deficie n cy l nitw as r epo rted to indu c efailu r ein e mbryo m attlr atio nbut
deficie n cyin lk B- α did n ot. The e xiste n c e s oflk B-β w e refo u ndto be u n aire cted or
o nlyslightly affe ctedin allthepCTIBi
'
str an sfe cta nt c olo nie ssc re e n ed(data n ot sho wn),
40
the refo r eit w a s n ot ableto p-re eludethe pr obabilitythatlo s e of Ⅰ雌即 ed紬 fai
'
lu r ein
C olo ny fo r m a如 n･ C TfBsile n cing had n o e
,tre at o nthe e xpr es sio n ofI芯臥β orⅠt(a- α
(Fig･ 14･)I s ugge stingthat theya re e xpre s s edindepe nde ntly.
''
r he C OOⅠぷ‡ te r min al r egio n ofⅠK.a
-β a () ntain s a s o- c alled PFJST do m ain, a nd
pho spho rylatio n ofthis PES Tdo mainis c ritic al fo rthe al n Ctions oflv:a-βs u ch a s
binding w東h N F代B/Rela nd otherfun ctio n alpr otein s(28, 31,32,). C TⅠB c o ntainsthe
C(≡)0圭′ⅠteT min a呈r egio n of l7CB-臥in eluding the P FJS T dom ain butthe N H2 ter mirlaま
r egio n ofIKB-βw a s absentfr o mC T王B. Be e a u s 昏IKB kina s かdepe nde nt N H2ierminal
ph()spho ryladoⅠ1isimpo rta ntfo rthe d喝r 銑da鮎 n of王ycB a ndthe a Gtiv atio n of N F- 拡B
(33,); a nd it wa s r epo rted r e c e ntly that o v耶 ⅩPr eS Sio n of N F-7(a in ker atin o eyte s
r e s ulted in C ells e n e s e e n c 昏
,
inmi 血g pr olifeTatio nblo c･kage a nd m as siv e cellvolu m e
via o xidativ e str e ssindu ctio n(34jJhe pu細壬v e r ole of C TIBw a slikelyto be argu ed
thatitc 脚 S触tlybinds withNF一 晩 thu spr ote ctinge ells 鮎 m theda m age sirldu e ed by
N F-ten/Relo v e r- 銑edv ation･ Ⅰ.-Io we･v 銑 C T‡･B sile n c mg r esulted in stlPPr e SS ed but n ot
*
indu c edtr a n seriptio n al le v elsin N F- 忙B p65andp50stlbunits, who s e e xpr 昏SSio rlS a r e
als o up-r egulatedbythe a ctiv 銑tiQ n Of NF･7CB its elfas w ella s othe rtargets s u cha sfL-1β
弧d MnS OD(Fig･ 挽). This ぬding w as quite oppo siteto theide athatC TIBre stricts
N F-kB
'
s a ctiv atio n e o n starltiy, s ugge sting that C TIB w as es s e ntial fo r N F- KB
'
s
a etiv atio n e spe cially ln a eidie e nvir o n m e nts sin c ethe tr alu C riptio n s of p65, p50
●
s ubu nits a nd MnS O Dw er efotmdtobe s u
.pp
r e s s ed m o r e slgnifl e a rltlyatpH6･3･
＋
N F-kB/Relco mple xC o n sits of Rel, a-rel, p50a nd RelAs ubtmits, which for mho m o-
o rheter odim er･ Altho tlghthe c o mpo sitio n s ofNF-tcB c o mple x ar ediffer e rlt a m o ng
spe cies a ndtis s u e s a nd e widerltified s ubu nit m e mbe rs ar eincr e asing, the m o st
c o m m o n c o mp sitio nha sbe e nfo u ndtobep65/p50hete rodim er, r e sponsiblefo rtarget
ge n e sbinding and tr a n s c riptio nindu cing a ctivities respe ctiv ely, ther efo r ethey w er e
in v e stigatedto e v alu atethe activ atio n ofNF-kB c o mple x. Thedo wn str e a mpr o c e ss es of
NF-k Ba ctiv atio n a r ediffer e nt ande v e noppo site s o m etim e s a m o ng spe cie s, tiss u e s a nd
stim uli. M any r eports ha v ebee npr e s e nted to date that a ctivatio n of N F-k B had
pr ote ctive effe cts o n c ells u nde r str es s e s, s u cha sthat a ctiv atio n ofN F-k Bw as e ss e ntial
fo rthe r e sitaJIC etO drug-indu c ed apopto sis in hu m a nthyr oid ca r cin o m a s(35,);lo w
n utrie ntindu c ed a ctiv atio n ofN F-kB ledto up-r egulatio n ofIL-8 a nd V E G F(36,);
a ctivity ofNF- k Bw a s e s s e ntial fo rthe pr ote ctio n again st L P S indu c ed sho ck in viv o
r ega rdle ssthatLP Sindu c eda ctiv atio n ofN F-k Bw e re alw ays c o n sider edto m ediatethe
LPS indu c ed da m age s at c ultu re c ells le v el(37,); and hypoxia indu c ed n e utrophil
su rviv al w as m ediated by N F-k Bactivity(38,). Fu rther m ore, inhibition orin activ atio n
ofN F-7CB ha s als obe e nreportedto r e sultin lo s e ofadaptatio nto str es s e s o rbasic
4 1
physiologlC al 触 etio 鴫 S u Ch as do w n-r egula血 n ofN F-7CB byitsinhibito r c ur c u min
●
w as as s o ciated withthe s uppre ss ed pT O肋 柑tio n a nd indu c ed apopto sis in hum a n
pa n e r e atie eeus(39;);in a ctivatio n ofN F- 芯B induc ed byIK･B kin a s e c o mple x s ubu nit
FJLKSsile n cing re s ultedin･indu etio n of TN Tindu c ed apoptosis(40,)･Inthis study,it
w a sfoundthat(:TI Bsile n cingr e s ulted infailu r etopr olifer ate(Fig･】13)ands uppr es sio n
ofNトKB a etiv atio ne spe ciauyu nde r a cidie c o ndito n s(Fig･呈恥 suggestingthatNF- ⅦB
a e如 atio n w a s e ss ntial fo rthe adaptati() nto a cidie str e s s a nd C TⅠB fun ctio n edto
a ctiv ate N F- KB pathw aytoiniti故紙 n u m er o u sdow nstr 飽 m adaptiv epr oces s e s, s u ch us
up･T egulation o川 J -1β and MnS O'D. Altho ugh the m e eha nis m 昏 n nd昏rlie ho w CllⅠB
r egulate Nl
才
一 雌 a etiv atio nin ぬ ails ar e stillu ncle aT at thispoi鴫 itlikelyfu n Gtio n sin 鼠
s eまf
l
- Co ns u mptiv e w aysin ceits 母Xis 触 e e s w e r eatr elativ elo w e rle v elatp‡賂3･
Only one m uta nt w a､s rep()rtedto failto pr olifer atein a e圭die e n vir o nm 昏rltS tO dぬ
r
Ⅰ
■､
he a cidiか S e n Sitivity ofthe m uta nt w as血e to the de鮎ie n ey in N H E馳 Which is
C o n sider edto be n ot o nly a pHir egulato rbutals o a
"
ho u s eke epl n.g
”
f
t
a cto f W o rkingto
r
participate in n u m e rou sphysiologle al aln etion s via r egulatio n ofboth Na
＋
a nd H
＋
＋
ho m eo stasis atlo w pH･ M払in細 a n c epHi hom e o stasis a ndpr olifer atio n u nder a eidic
str e s sis C o n side reda s ave ry c o mple xpr o c ess and n u m er o u s m e chanis m s a r ein v olv ed
sin c epH is a m a)o r pa r a m ete r that a 批 ts n u m e r o us physiologic al 鮎n ction 凱
Co n side ring the widely e xisting c ompe n s atio n s, o n e s mile fun ctio n o rpathw ayis
u nlikelyableto be r e spo n sibleforthe whole a cidie adaptatio n c o mpletely･ T herefo r eit
w ould be a r 飽 S O n able e xpla n atio n that the deficie n cy in C TIBindu c e sthe
acidic-s e n sitivity of AS-5B, sinceitr egulatesthe N F-k Ba ctivity' whichparticipate sin
the e xpr e s sio n s of hu ndr eds oftargetge n es.
T he tr a n s criptionalle v els IL-1β a nd MnS OD, targets of N F- kB
.
a ctiv ati?n, w er e
fo u ndtobe s uppr essed byCTI Bsile n clng･ M nS O Dw a slikely m o r eimpo rta ntbe c a u s e
●
itis c o n side r eda s o n e ofthe m ajo rstr e ses r e spo nding m e cha nisms, elimina血g ROS,
which ar eals ola rgely c r e atedunder aeidic c o ndito n s and indu c e s addito n alstr es s o n
c ells･ induc edtr a n s c riptio n of MnSO D in N OTHIN Giand its s uppr e ss edtra JIS C riptio n
in CTIBi, in r e spo n s eto their pr olifer atio n and n o npr olifer atio n atpH6･3, s ugge sted
MnS O Dplayedcritic alr olesin a cidic adaptatio nin C HO-Kl.
Pr evio us studyr epo rtedthatpartic ular pr otein s w er epho spho rylated inJu rkat c els
u nde r a cidic str e s s(4 1,)･ The e xpres sio n ofI し8, a cytokin eindu cingc ellpr olifer ation,
w a s als o repo rted to in c r e a s ein hu m a n o v aria n c a r cinom a c ells in w e ak a cidic
envir o n m erltS(42,)r egardle s sI し8w a s n ot abletobedetected fo r s o m e u n cle a r re as o n s
in this study･ AS-5B had a r elativ e r o u nd shape with a fairlylarger c el volu m e
c o mpar ed withCH O- K l, als o s ugge stingthat c ellcycle, pH regulated w atercha n n el
aqu apo rin(43,) and cyto skeleto nfo r m atio n mightbeinvolv edin m ainte n an c e ofpHi
bo m e o sta sis in cells unde r a cidic stre s s. The m e cha nis m sde s c ribed above a ∫母 als o
42
C a ndidates a s w eba sⅠⅠ.I- 柑 a nd MxISODfo rthed(, w nstre a mpr o c e ss e sofN F代Bsign al
pathw ay a etiva
r
ted bye
'
1
り
王臥
43
だゆ弧C農協S嵐ゆ汲S
eH O-Kl m Amtain edpHiho m e o sta sis a ndpr oliferated 戯 pⅠ
,.I6･3･ A C O 対te rmin al
r egio n p柑tein of lkf3低 design ated (:T軌 eo ntributed at le ast partialy to the
a eidie -ista n e ein CⅠ～･ま0- Kl･ C T王B fu n Gtio n ed 独elyto a ctiv ate NF- KB pathw ayto
trigge rthe adaptiv epr o c e s s e s,in whichhu ndreds ofge n e s, s u cha s托J -iβand MnS O D,
mightbe主n v olved.
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